Groundwater movement beneath watershed divide is one component of the hydrological cycle that is typically ignored due to difficulty in analysis. Numerical groundwater models, like TAGSAC, have been used extensively for predicting aquifer responses to external stresses. In this paper TAGSAC code was developed to identify the inter-basin groundwater transfer (IBGWT) between upper Awash River basin (UARB) and upper rift valley lakes basin (URVLB) of Ethiopia. For the identification three steady state groundwater models (for UARB, URVLB and for the two combined basins) were first created and calibrated for the 926 inventoried wells. The first two models are conceptualized by considering the watershed divide between the two basins as no-flow. The third model avoids the surface water divide which justifies IBGWT. The calibration of these three models was made by changing the recharge and hydrogeologic parameters of the basins. The goodness of fit indicators (GoFIs) obtained was better for the combined model than the model that describes the URVLB. Furthermore, the hydraulic head distribution obtained from the combined model clearly indicates that there is a groundwater flow that doesn't respect the surface water divide. The most obvious effect of IBGWT observed in these two basins is that it diminishes surface water discharge from URVLB, and enhances discharge in the UARB. Moreover, the result of this study indicates potential for internal and cross contamination of the two adjacent groundwater.
Introduction
Understanding the hydrological relation between basins has great importance in the study of watershed hydrology, management, and groundwater and pollution assessment. Groundwater movement beneath topographic divide is one component of the hydrological cycle that is typically ignored due to difficulty in analysis. Most watershed hydrology studies attempt to avoid inter-basin groundwater transfer (IBGWT) by selecting sites that are believed to be "tight". While IBGWT is typically not addressed; it is an important hydrological process that has been found to occur throughout the world.
Identifying and understanding of this hydrological process must be adapted in basin study and management for better and accurate analysis of watershed hydrology.
Inter basin groundwater flow analysis has been an important research topic in the last few years. This is as a result of many geo-environmental engineering problems having direct or indirect impact on groundwater flow. The detection of IBGWT increases the importance of regional land use planning for areas overlying the IBGWT system.
IBGWT can at least be detected using head data. The potential for groundwater to move from basin to basin is related to the relative altitude and geological structure of the individual basin. Where the rocks that form the boundary between these adjacent basins are sufficiently permeable, there will be flow into or out of the basin. Identifying the regional head and checking the geological structure of the two basins can give full information, about the possibility of IBGWT. Thus if the geologic characters between the two adjacent basin are similar, then groundwater models could show the hydraulic head distribution across the two adjacent basins which ultimately show the possibility of IBGWT.
The main objective of this paper is then to identify the possibility of groundwater transfer between basins, Awash River and Rift Valley Lakes using numerical groundwater modeling. By identifying hydrogeological setting and the head potential along the two basins' surface water divide, this study will show the groundwater flow direction for possible IBGWT. The connection between basins is a relatively unexplored and potentially significant factor in the further understanding of the two adjacent basins' hydrology.
Most hydrological studies ( [1] [2]) in Ethiopia are based on the assumption that the groundwater divide and surface water divide are coincident. Such assumption leads to wrong quantification and prediction of the groundwater flow system. The most obvious effect of IBGWT is to diminish surface water discharge from watersheds that lie in the recharge area of the basin (in which IBGWT originates), and enhance discharge in the basin where regional aquifer discharges (receiving IBGWT). This problem could be solved by incorporating the concept of IBGWT into the hydrologic study. In order to quantify, manage and plan groundwater resource efficiently, IBGWT must be studied and incorporated in basin hydrology. Its importance especially in the most developed river basins of Ethiopia (Awash River and Rift Valley lakes) is even more vital. Moreo-ver, understanding IBGWT between basins is important to assess the potential for internal and cross contamination.
Materials and Method

Location of the Study Area
Both Upper Awash basin and Upper Rift valley lake basin are located in central Ethiopia at the western margin of the Main Ethiopian Rift. The capital city, Addis Ababa, is located at the northern end of the basin. The study area (aquifer) is selected so that it can basically form a groundwater basin. A groundwater basin is formed by identifying the possible discharge and recharge areas. Thus the study area is bounded by the two perennial rivers namely Upper Awash River (a few kilometers lower from its origin to Koka Lake) and Meki River from its source to Ziway Lake (see Figure 1 ). It covers a total area of 2200 km 2 . The study area is bounded by 8˚03'N and 8˚39'E latitude 38˚37'E and 39˚06'E longitude. This area is divided into two sub-basins belonging to Awash and Rift valley lakes basin:
1) The area bounded by Lake Ziway, Meki River and the water divide with the Awash River basin it represents Upper RVLB, and it covers 781.21 km 2 drainage basin area.
2) The Awash sub basin with a total drainage area of 1420.39 km 2 bounded by the surface water divide with RVLB basin, Lake Koka and Awash River upstream of Lake Koka.
The climate is sub-humid in the central Main Ethiopian Rift, semi-arid close to the [5]).
(a) (b) Figure 1 . Location of the study area ((a) is major basins of Ethiopia adopted from [3] ; (b) is the study area showing the two sub-basins and boundaries).
Data Processing
The data processing follows the guideline given in [6] . The data process starts with planning, which focuses on collecting the available groundwater related information 
Modeling for Inter-Basin Groundwater Transfer
Modeling the groundwater flow system in the two basins is expected to show the possi- 
Data Set and Data Sources
The study is to be based primarily on existing (collected by different organizations)
geologic, hydro-geologic, meteorological and topographic data. Where existing data are inadequate supplemental field observation and data collection was performed. Field data collection basically include recording of latitude, longitude, elevation and static water level of the boreholes and springs. Geological map of Ethiopia, monthly rainfall Mapper 15, and Matlab (R2010b) programming language were used.
1) Topography
The topography of the study area is as shown in Figure 4 . The topographic map was derived from 90 m DEM of the two basins. The minimum elevation is attained at 1640 m above mean sea level (amsl) and 1600 m amsl at Lake Ziway in the URVLB and at Lake Koka in UARB, respectively.
2) Well and spring inventory
In both UARB and URVLB more than 2200 wells were inventoried among them the majorities are wells (shallow hand dug wells and deep wells) and a few of them were springs. The data were collected from Federal Water works design and supervision En- 
Conceptual Model
A conceptual model is a hypothetical simplified description of the groundwater system to be studied. Features often described in conceptual models include Relationship and extent of hydrogeologic units, Aquifer material properties (hydraulic conductivity), Potentiometric surfaces, Water budget, Boundary locations (depth to bedrock, impermeable layer boundaries, etc.), Boundary conditions (fluxes, heads, natural water bodies) and System stresses (withdrawal wells, infiltration trenches, etc.) [7] .
1) Recharge boundary
To deduce the recharge over the model area, the rainfall distribution across the model domain is necessary. Recharge is one of the parameters in the model calibration.
During calibration a trial fraction of the total rainfall over a surface is used. In humid areas with porous soils, 25% of annual rainfall may recharge the aquifer; in contrast, in desert regions recharge is very small to 1% of rainfall or less [8] . Accordingly since the location of the study is not desert while calibrating, the recharge fraction in the model was varied between 5% and 25%.
To come up with the annual rainfall distribution, a Thiessen polygon method (as described in [9] ) of interpolation among the rainfall gauging stations within and nearby the modeling area was adopted. From National Meteorological Service Agency (NMSA) eleven metrological stations in and very close to the study area were first identified. The monthly rainfall data of these selected stations were checked for data quality and consistency. After using the Thiessen polygon method ten meteorological stations are found to contribute to the study area. The result of the Thiessen polygon analysis is as shown in Figure 5 and Table 1 . From Table 1 it is possible to deduce that the average annual rainfall all over the study area is 879.95 mm.
To see the average monthly variation of the rainfall the above stations is shown in Figure 6 . The graph is in the order of Alem Tena, Bui, Ejersa, Etheya, Hombol and Meki. Groundwater occurs in a very wide spectrum of geological settings. According to Karimi et al., [11] and Ayenew [12] , water in the study area is supplied as a result of jointing and fracturing especially in the deeper aquifer region. The yield of water from fractured rock is dependent upon the frequency and interconnectedness of flow pathways.
The more traditional notion of dealing with fractured rock aquifers is that as the scale of interest increases the more appropriate it is to employ equivalent porous media modeling approaches. This approach makes the assumption that a representative elementary volume (REV) of material characterized by equivalent hydraulic parameters can be defined. Modeling results are only valid at scales larger than the REV [13] .
3) Boundary conditions: Mathematical models of groundwater flow based on equations are classified as boundary value problems. To obtain a unique solution of such equations additional information about the physical state of the process is required.
This information is supplied by boundary and initial conditions. For steady-state problems, only boundary conditions are required [14] .
The two most basic types of boundary conditions in groundwater flow analysis are at the interface between the aquifer and materials with markedly lower hydraulic conductivity. The finite element method can handle all types of boundary conditions, including no-flow boundaries, specified head boundaries, specified flux boundaries, and leakage boundaries [15] .
In the three models constant head boundary condition was set for the rivers (Awash and Meki) in the locations where the river is perinnial. The two lakes (Koka and Ziway)
boundaries that come in contact with the model are treated as constant head boundaries.
The border of the study area extends to the watershed divide that exists between the model area and adjacent small basins. These boundaries are treated as general head boundary. The watershed divide between the two rivers (Meki and Awash) was treated as no flow boundary for Model-1 and Model-2.
The top surface of the study area is treated as recharge boundary where the recharge is taken as a fraction of the annaul rainfall over the surface. The bottom of the model is taken as a no flow boundary, where by bed rock is assumed to exist. The bottom level is fixed on the basis of its effect on the model domain. As the interest of this paper is to explore the possibility of interbasin groundwater transfer in the shallow aquifer zones, bed rock is assumed to exist at 300 m below the minimum surface elevation in the study area.
Groundwater Modeling
Among of the solution techniques assessment, numerical models were found to have more advantages over other solution techniques [16] . Unlike analytical methods numerical methods yield approximate solutions to the governing equation through the discretization of space and time. In this study TAGSAC is used for solving the groundwater flow equation. In the TAGSAC approximation procedure, the flow region is first discretized into a network of finite elements, and an interpolating trial function is used to represent the unknown dependent variable (hydraulic head) over the discretized re-
gion. An integral approximation of the flow equation is then obtained using the Galerkin weighted residual criterion. Spatial integration is performed piecewise over each element. Upon assemblage of the elements and incorporation of boundary conditions, a system of nodal equations is obtained. For a steady-state simulation, these nodal equations are algebraic equations. TAGSAC has proofed to be applicable in a number of researches done all over the globe [17] .
The most common shapes for finite elements are triangles and trapezoids for twodimensional flow, and triangular and trapezoidal prisms for three-dimensional flow [15] . In this study triangular prism element is selected. The hydrogeologic parameters are specified for each element in the mesh. By taking into consideration the study area and the computer in use the mesh is generated by 300 meters element length. The nodes have right-handed Cartesian coordinates (x, y, z), z-axis points in the vertical upward direction (the elevation of the nodes above sea level). For the three models the numbers of nodes generated were 38,140, 21,946 and 58,400 for Model-1, Model-2 and Model-3, respectively. The numbers of elements generated with average 300 m side length were 37,084, 20,878 and 57,188 for the respective models.
Model Calibration and Results
To demonstrate that groundwater models are realistic, field observations of aquifer re- produce, to an acceptable degree, the hydraulic heads of the natural system being modeled.
In the model hydraulic head is computed for the three models by varying the hydraulic conductivity for the five geologic zones of the area and the surface recharge. After a number of trial hydraulic parameters for zones in Figure 7 and recharge, the parameters in Table 2 are selected as the best among other combinations. In an ideal calibration, the points will fall on a straight line with a 1V:1H slope; i.e., the computed value equals the measured value. The degree of scatter about this theoretical line is a measure of overall calibration quality [18] . The slope in the best fit equations in The primary calibration target in this study is hydraulic head (water level). Accordingly, steady-state calibration was made using static water level observations of 926 wells. The effectiveness of calibration was evaluated by the following lumped quantitative performance measures: Mean error (ME) is the mean of the differences between measured heads (h m ) and simulated heads (h s ):
As both positive and negative residuals could result in the calculation, ME should be close to zero for a good calibration. Mean absolute error (MAE) is the mean of the absolute value of the differences between measured and simulated heads: The RMSE is used as the basic measure of calibration for heads.
Uncertainty in head measurements can be the result of many factors including, measurement error, scale errors, and various types of averaging errors, and specific to this study case the accuracy of GPS in use. The maximum acceptable value of calibration criterion depends on the magnitude of the change in head over the problem domain. As a general calibration criteria RMSE equal to or less than 10% of the observed head range in the aquifer being simulated is better [18] . The ME and MAE are characterized by low values indicating that the model was well calibrated. The value of the correlation coefficient (R 2 ) being closer to 1 indicates a good performance of the models. From Table 3 it is evident that Model 3 represents better the wells observed in Upper Rift Valley Lakes Basin than Model-2. This clearly show that the influence of the neighbor upper awash basin on the upper rift valley lakes basin, in Model-2 this influence was blocked by the no flow boundary assumed. The presence of the no flow boundary between the URVLB and UARB in Model 2 doesn't help in improving the model accuracy. Their interaction could be seen from Figure 8 (c) which shows the result of Model-3. Figure 9 (a) and Figure 9 (b), respectively, show the result of the calibrated Model-1 and Model-2 for parameters shown in Table 2 . 
Conclusions
For correct management of the existing water resources and their optimal use, groundwater potential and its flow direction and suitable plans must be developed based on objectives suitable to the region. Groundwater models have been used extensively for such analysis and are generally adequate for predicting aquifer head changes. However, the three-dimensional model described in this paper was developed to identify the in- In groundwater modeling the assumption that the groundwater divide and surface water divide are coincident is not valid in this case. Such assumption leads wrong quantification and wrong prediction of the groundwater flow system. The most obvious effect of IBGWT is to diminish surface water discharge from URVLB (in which IBGWT originates), and enhance discharge in the UARB (receiving IBGWT). Moreover, the result of this study is important to assess the potential for internal and cross contamination of the groundwater.
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